Women with breast cancer frequently report distressing symptoms during and after treatment that can significantly erode quality of life (QOL). Symptom burden among women with breast cancer is of complex etiology and is likely influenced by disease, treatment, and environmental factors as well as individual genetic differences. The purpose of the present study was to examine the relationships between genetic polymorphisms within Neurotrophic tyrosine kinase receptor 1 (NTRK1), Neurotrophic tyrosine kinase receptor 2 (NTRK2), and catechol-O-methyltransferase (COMT) and patient symptom burden of QOL, pain, fatigue, anxiety, depression, and sleep disturbance before, during, and after treatment for breast cancer in a subset of participants (N ¼ 51) in a randomized clinical trial of a novel symptom-management modality for women with breast cancer undergoing chemotherapy. Patients were recruited at the time of initial breast cancer diagnosis and completed all survey measures at the time of recruitment, after the initiation of treatment (surgery and/or chemotherapy), and then following treatment conclusion. Multiple linear regression analyses revealed significant associations between NTRK2 and COMT single nucleotide polymorphism (SNP) genotype and symptom burden. Two COMT variants were associated with the specific symptoms of anxiety and QOL measures prior to the initiation of chemotherapy as well as pain interference and severity during and after treatment. Genotype at the NTRK2 SNP rs1212171 was associated with both sleep disturbance and fatigue. These findings, while exploratory, indicate that the genotypes of NTRK2 and COMT may contribute to relative risk for symptom burden during and shortly after the period of chemotherapy in women with early stage breast cancer.
Kehlet, Belfer, & Edwards, 2014) . Understanding the risk factors for increased symptom burden would allow providers to personalize treatment and guide patient expectations for the experience based on a patient's individual risk for specific symptoms.
From a symptom-science perspective, there has been a significant research interest in characterizing cytokine-induced sickness behavior in patients with cancer. Studies have demonstrated associations between various inflammatory mediators and elevated levels of pain, depression, fatigue, and sleep disturbance (Cruz et al., 2015; Saad et al., 2014; Starkweather, Lyon, & Schubert, 2013) . As a result, much of the research on genetic determinants of symptom burden in breast cancer has focused on polymorphisms within the genes encoding cytokines and other immune factors. Researchers have found, for example, an association between a single nucleotide polymorphism (SNP) within interleukin (IL)-10 (-1082 A/A) and mood disturbance (depression and anxiety) and fatigue severity in breast cancer patients (Bower & Ganz, 2013; Webber, Bennett, Goldstein, & Lloyd, 2014) . When combined into a genetic risk index, SNPs within the promoter regions of the genes encoding three cytokines, tumor necrosis factor (TNF)-a, IL-6, and IL-1b, were significantly associated with fatigue as well as depressive symptoms (Bower & Ganz, 2013) . Moreover, Stephens et al. (2014) recently reported that the IL-1 receptor 2 SNP and haplotype of IL-10 A8 were associated with persistent pain in women with breast cancer. However, variations within cytokine and immune-related genes do not explain all of the individual differences in symptom burden. These prior studies suggest that a woman's risk profile for specific cancer-and/or treatmentrelated symptoms may be under independent genetic control, so that fatigue, depression, and pain, for example, would all have separate risk profiles based on distinct sets of genes.
While these studies contribute to the understanding of the relationship of genetic variants with symptom burden in women with breast cancer, other genetic variants are also theoretically likely to contribute to the symptom variability. In particular, research has shown that polymorphisms in the genes encoding tyrosine receptor kinase A (TrkA) and tyrosine receptor kinase B (TrkB), NTRK1 and NTRK2, respectively, are significantly associated with individual differences in sensitivity and mood disorders (Martinowich & Lu, 2008) . TrkA and TrkB play an important role in neurotrophic factor signaling, primarily by binding nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF), respectively. Research has previously shown TrkA to regulate proinflammatory cytokine release; specifically, inflammatory stimuli upregulate the expression of TrkA on monocytes, which then bind NGF and subsequently reduce the production of proinflammatory cytokines, including TNF-a, IL-6, and IL-1b (Prencipe et al., 2014) . Variations within NTRK1, then, could affect the efficiency of this regulatory loop as well as the dynamics of the response, resulting in differential susceptibility to symptoms associated with increased inflammation. In addition, research has implicated alterations in BDNF-TrkB signaling within several brain structures in the pathophysiology of inflammation-induced depression (Zhang, Yao, & Hashimoto, 2016) . Moreover, polymorphisms within NTRK2 could alter the dynamics of this signaling pathway and/or susceptibility to the inflammation-induced alterations in receptor function, thereby conveying risk for certain symptoms in the breast cancer population. Lastly, allelic variations of the catechol-O-methyltransferase (COMT) gene, which is involved in the degradation of catecholamine neurotransmitters (i.e., dopamine, norepinephrine, and epinephrine), have effects on mood, emotion processing, and perception of well-being, as well as pain sensitivity across a number of populations (Belfer & Segall, 2011; Wichers et al., 2008) . Even with relatively small sample sizes, research has shown trends for patients with the Val158Met (rs4680) COMT polymorphism to have increased risk for persistent postsurgical pain and incidence of depressive symptoms (Hickey et al., 2011; Seib et al., 2016) . Recent data also suggest an interaction effect of BDNF signaling and COMT on human cortical plasticity at the cellular and behavioral levels of analysis (Witte et al., 2012) .
Considering the important roles of these three genes in regulating neurotrophin signaling, neuronal protection, and plasticity as well as the known connections between these signaling pathways and the inflammatory response, it is plausible that variation within these genes contributes to the severity of multiple symptoms, such as pain, fatigue, and mood disturbances, in women with breast cancer (see Figure 1 ). Thus, the purpose of the present study was to examine the relationships between genetic polymorphisms within NTRK1, NTRK2, and COMT and symptoms of pain, fatigue, depression/anxiety, and sleep disturbance before, during, and after chemotherapy treatment for early stage breast cancer.
Material and Method Design
The present study was a secondary analysis of data collected as part of a longitudinal randomized controlled trial that tested the effectiveness of cranial electrical microcurrent stimulation (CES) on the symptoms of depression, anxiety, fatigue, pain, and sleep disturbances in women with early stage breast cancer receiving chemotherapy. Study procedures have been reported previously (Lyon et al., 2015) . In the trial, participants were randomized into a treatment or sham group. The treatment group received a CES device that was preset to provide 100 μA modified square-wave biphasic stimulation on a 50% duty cycle at 0.5 Hz and to automatically turn off at the end of 1 hr. Sham devices distributed to participants in the sham group were indistinguishable from the actual CES devices except that the ear clip electrodes did not pass current. The participants completed questionnaires prior to initiating adjuvant chemotherapy (pretreatment/T1), at 7-8 weeks after initiation of chemotherapy (midtreatment/T2) and 1 week following the completion of chemotherapy (posttreatment/T3). As there were no significant differences in symptom severity or interference between those receiving CES and those in the sham condition in the parent study (i.e., CES did not affect patient symptom burden, data presented elsewhere; Lyon et al., 2015) , we collapsed the current subjects/samples into one group regardless of CES condition for the following analysis.
Sample and Setting
Researchers for the parent study recruited a total of 168 women from a National Cancer Institute-designated cancer center affiliated with a major research university in the mid-Atlantic region and affiliated regional institutions. Participant inclusion criteria were as follows: women > 21 years of age; able to read, write, and understand English; confirmed diagnosis of Stages I-IIIA breast cancer; a performance score < 2 using the Eastern Cooperative Oncology Group criteria; and scheduled to receive adjuvant chemotherapy. Patients were excluded if they had previous chemotherapy, dementia, active psychosis, history of seizure disorder, any implanted electrical device, or had started a medication regimen for depression or other psychiatric condition within 30 days prior to enrollment. All methods and protocols were approved by the institutional review board for the university health system cancer center and affiliated institutions. The research team strictly adhered to informed consent procedures, and a member of the team obtained written informed consent from each study participant.
Procedures
Of the 168 women with early-stage breast cancer (Stages I-IIIA) participating in the parent study, a subgroup of 60 women gave permission for genetic analysis of specimens collected for the parent study. For the present study, we genotyped 51 patients with completed data sets to examine the relationships between selected SNPs and self-reported symptoms. Referring oncologists and nurses told patients who met the study criteria and were scheduled to begin chemotherapy about the study, and then research staff approached them. After obtaining written informed consent, research staff asked participants to complete questionnaires and have their blood drawn in a private research suite. Blood samples were collected by venipuncture or existing access device and the specimens were immediately transported to the laboratory, where genomic DNA was collected and stored for subsequent genotyping. Research staff gave participants incentives (a US$25 gift card to a local store that has both food and personal items for sale) at each data collection point. The current analysis is based on genomic DNA from blood samples collected at the first visit (pretreatment) only.
Instruments
Demographic, individual, disease-, and cancer-treatment-related variables. A comprehensive questionnaire and medical-record review was completed at baseline and at subsequent data points. Age, race/ethnicity, and body mass index (BMI; kg/m 2 ) were assessed along with treatment variables (i.e., surgical intervention planned/completed and prescribed chemotherapy regimen). We entered all of these variables into the linear regression model as described below. Both breast cancer and breast cancer treatment have been shown to activate the immune response and subsequently increase the levels of circulating cytokines. In this way, expression of the neurotrophins' nerve growth factor and brain-derived neurotrophic factor (BDNF) are both modulated by proinflammatory cytokines. These two neurotrophins bind the TrkA and TrkB receptors encoded by the genes NTRK1 and NTRK2, respectively, and exert their downstream effects related to neuronal function and neural plasticity, specifically in relation to mood, sleep, and pain. We hypothesize that polymorphisms within the genes encoding TrkA and/or TrkB could alter the structure and/or function of the ligandreceptor relationship and thereby contribute to differential susceptibility to the behavioral effects of breast cancer and breast cancer treatment through their role in this pathway. Individual differences in activity of catechol-O-methyltransferase (COMT), an enzyme responsible for the degradation of catecholamine neurotransmitters and encoded by COMT, have been implicated in a number of psychological outcomes, including mood alterations, psychoses, and pain susceptibility. Both BDNF and COMT play a role in modulating dopamine signaling, a process thought to play a role in the etiology of several symptoms following breast cancer diagnosis and treatment.
Hospital Anxiety and Depression Scale (HADS). The HADS (Zigmond & Snaith, 1983 ) is a brief (14 item) self-report questionnaire developed to detect the presence and severity of both anxiety and depressive symptoms at the time of reporting. Because it was developed for use in medically ill patients, it does not rely upon somatic symptoms of depression and anxiety such as pain and weight loss but rather contains only cognitive symptoms of anxiety and depression. Participants rate (0-3) the severity of each symptom over the past 7-day period. Possible score on each of the two subscales of depression and anxiety is 0-21, and the possible total scale score is 0-42. The HADS has well-established reliability and validity for both depression and anxiety in women with breast cancer (Montazeri et al., 2001) .
The Brief Pain Inventory-Short Form (BPI-SF). The BPI-SF (Cleeland & Ryan, 1994) is a pain-assessment tool that has wellestablished reliability and validity for adult patients with no cognitive impairment in trajectory studies of cancer and its symptoms (Caraceni, 2001) . The BPI-SF consists of 15 questions that measure pain location and intensity, pain treatment, treatment effectiveness, and functional interference from pain (Keller et al., 2004) . The instrument assesses pain intensity at its "worst," "least," and "average" levels over the past week, as well as pain "now," using a numerical rating scale from 0 ¼ no pain to 10 ¼ worst possible pain imaginable. Estimated time for completion of the BPI-SF is 5 min. We used patient rating of their "worst pain" from the BPI-SF as our measure of pain severity and the arithmetic mean of the 7 interference items as our measure of pain interference. In widespread testing, the Cronbach's a reliability has ranged from .70 to .91.
The Brief Fatigue Inventory (BFI). The BFI (Mendoza et al., 1999) is a 9-item scale that taps into a single dimension of fatigue severity and the interference fatigue creates in daily life. The BFI is a clinically validated tool used to assess cancer-related fatigue and its impact on daily functioning. The BFI uses simple numeric rating scales from 0 to 10 that are easily understood. On the BFI, severe fatigue can be defined as a score of 7 or higher. The BFI has demonstrated excellent reliability in clinical trials, with Cronbach's a reliability ranging from .82 to .97 (Mendoza et al., 1999) .
The General Sleep Disturbance Scale (GSDS). The 21-item GSDS consists of items that evaluate various aspects of sleep disturbance (quality and quantity of sleep, sleep-onset latency, number of awakenings, excessive daytime sleepiness, and medication use) over the past week (Lee, McEnanay, & Weekes, 1999) . Respondents rate items on a scale ranging from 0 (never) to 7 (every day). Total score is a sum of the 21 items and has a possible range from 0 (no sleep disturbance) to 147 (extreme sleep disturbance). In a recent study of the symptoms of fatigue, sleep disturbance, depression, and pain in 191 cancer patients, the Cronbach's a reliability for the GSDS was .82 (Miaskowski et al., 2006) . QOL measures. The functional assessment of cancer therapy for breast cancer (FACT-B; Brady et al., 1997 ) is a 44-item selfreport instrument designed to measure multidimensional QOL in patients with breast cancer. The FACT-B consists of the FACT-General plus the Breast Cancer subscale, which complements the general scale with items specific to QOL in breast cancer.
Genotyping of SNPs. We evaluated the following genes for potential associations with symptom burden: NTRK1, NTRK2, and COMT. TrkA is a member of the Trk family of tyrosine kinase receptors for NGF and is encoded by NTRK1 (Chao, 2003) . Research has shown TrkA function to a play a vital role in controlling rapid-eye-movement sleep in animal models (Takahashi & Krueger, 1999) . Variation within the gene encoding TrkA has multiple phenotypic characteristics with hereditary sensory and autonomic neuropathies (Smeyne et al., 1994) . Congenital insensitivity to pain has been linked to the gene encoding for a NGF-specific tyrosine kinase receptor (Tuysuz et al., 2008) , further linking neurotrophic factor signaling with pain processing and/or modulation.
NTRK2 is the gene encoding TrkB, the receptor with the highest binding affinity for BDNF signaling. BDNF is a secreted neurotrophic factor, known to be critical for numerous aspects of synaptic plasticity in the adult central nervous system (Cotman & Berchtold, 2002) . BDNF promotes neuronal plasticity by binding to a receptor complex formed by TrkB, which has a known role in pain and a proposed role in manifestations of fatigue, anxiety, and depression (Chao, 2003; Chen et al., 2008) .
Research has found associations between common SNPs in COMT and pain perception (Diatchenko et al., 2005; Zubieta et al., 2003) . One of these, rs4680, is a nonsynonymous SNP associated with the Val158Met substitution, which has been linked to alterations in COMT enzymatic function as well as individual variation in psychological and pain-related phenotypes. The synonymous COMT SNP rs4818 has also been associated with risk for painful conditions.
We selected four SNPs (NTRK1, rs6336; NTRK2, rs1212171; and COMT, rs4818 and rs4680) for analysis in the present study based on these previous biochemical and genetic findings. In addition, we used the following criteria to select the highest priority SNPs within the candidate genes of interest so as to decrease the number of comparisons made in the small sample: (1) SNPs in exonic regions with a (2) known minor allele frequency greater than 5% and (3) prior associations to clinical outcomes in other populations. Peripheral blood samples were collected in Ethylenediaminetetraacetic acid (EDTA) from all participants. Genomic DNA was isolated by QIAamp 1 DNA mini kit (QIAGEN, Tokyo, Japan), and the genotypes of SNPs were determined by direct sequencing (MACROGEN, Seoul, South Korea). We carried out polymerase chain reactions (PCRs) using the sense and antisense primers of each SNP under the following conditions: 40 cycles, each consisting of 94 C for 30 s, 58 C for 30 s, and 72 C for 30 s, and 1 cycle at 72 C for 5 min to extend the final reaction. The PCR products were sequenced by an ABI PRISM 3730XL analyzer (PE Applied Biosystems, Foster City, CA). SeqManII software version 5.0 (DNASTAR, Madison, WI) was used to analyze the sequencing data.
Statistical Analyses
We used descriptive statistics to analyze sample demographic data and multiple linear regression analyses using an additive genetic model to explore the contributions of the candidate gene SNPs to symptom burden with each scale/measure as a separate dependent variable. In the first step, we entered biological predictors influential to health outcomes (age, gender, race, and BMI). For the evaluations completed at diagnosis (pretreatment/T1), the second step of the model consisted of genotype of each SNP. For measures completed following surgery and after initiation of chemotherapy (midtreatment/T2) and after the completion of the surgical and chemotherapy regimen (posttreatment/T3), the second step of the model consisted of both the surgery type and chemotherapy regimen prescribed. Given the lack of agreement within the literature as to whether surgery type and chemotherapy significantly affect symptom burden, we controlled for any potential influence by loading these variables together into the linear regression model. For these later time points, we loaded genotype at each SNP as the final step in the regression model. Although we loaded each SNP separately into each model, no symptoms were associated with multiple SNPs. In order to correct for multiple comparisons (total of four for the four individual SNPs evaluated), the adjusted p value necessary for significant associations is p .0125. Given the exploratory nature of the study and our desire not to dismiss associations that are approaching significance, we have presented findings, along with p values, using the uncorrected p value of .05. This approach allows for the most robust generation of testable hypotheses for future studies into the mechanisms underlying these associations.
Results

Genetic Variation and Sample Demographics
From the 60 samples that researchers collected in the original cohort, 51 were from patients who completed the outcome measures at all three time points and were successfully genotyped at four SNPs (rs1212171 [NTRK2], rs6336 [NTRK1], and rs4680 and rs4818 [COMT]). As shown in Table 1 , we observed some heterogeneity in age, race, BMI, and surgical/chemotherapy regimen across participants; therefore, we loaded these factors into the regression model first to remove potential confounding effects and identify significant effects based on the amount of variance (R 2 change, F change, p change) explained by genotype alone.
All SNPs that we investigated had call rates > 95% and were in Hardy-Weinberg equilibrium compared to the 1000 Genomes Project allele frequencies. We analyzed the SNPs using linear regression for each outcome measure of interest 
Genotypic Effects on Symptom Burden
Psychological and QOL measures. The COMT SNP rs4860 (Val158Met) was significantly associated with patient symptom burden prior to the initiation of surgery and/or chemotherapy. Patients with the A/A genotype at rs4680 reported more anxiety (HADS Anx ; see Table 2 and Figure 2A ) and reduced QOL (FACT-B Tot , see Table 2 and Figure 2B ) at baseline (T1), p < .05, compared to patients with G/G or A/G genotypes after correction for demographic confounders.
Genotypic variation accounted for *11% of the variance in anxiety and 8% of the variance in breast cancer-related QOL. No other associations were present at baseline between the SNPs and the measures assessed. After surgery and following initiation of chemotherapy (T2), only one QOL measure, sleep disturbance (GSDS Tot ), was significantly associated with genotype. The presence of the T allele at NTRK2 SNP rs1212171 was associated with an increase in sleep disturbance, with heterozygotes reporting moderate sleep disturbance and T/T homozygotes reporting the highest levels of sleep disturbance, after correcting for demographic variables as well as type of surgery and chemotherapy regimen, when compared with all C alleles carriers (see Table 3 and Figure 3 , p < .05). We found no significant associations between genotype and psychological or QOL measures following surgery and chemotherapy (T3), all p > .05.
Fatigue. Patients homozygous for the T allele at rs1212171 within NTRK2 reported significantly more fatigue-related interference in their daily functioning (BFI Int ) at all three time points, p < .05 (see Figure 4 ). Regression analysis confirmed a significant effect of genotype on BFI Int , with genotype explaining *9%, *15%, and *10% of the variance in BFI Int at T1, T2, and T3, respectively, all p < .05. The presence of the T allele at rs1212171 was also predictive of the severity of fatigue (BFI Sev ) prior to treatment initiation, explaining *9% of the variance in reported fatigue severity (data not shown), but was not associated with fatigue during (T2) or after treatment was complete (T3). We identified no other genotype effects on fatigue, all p > .05.
Pain. Two SNPs within COMT, rs4680 and rs4818, were associated with pain burden after surgery and initiation of chemotherapy for breast cancer (T2). Patients' homozygous for the A allele at rs4680 reported significantly more painrelated interference in normal function (BPI Int , see Figure 5 ) during cancer treatment, with genotype accounting for *9% of the variance in patient reports. The synonymous SNP rs4818 in COMT was significantly associated with perceived severity and interference of pain following the completion of surgery and chemotherapy treatment (T3; BPI Sev and BPI Int , see Figure 6 ), with patients with the G/G genotype reporting significantly reduced pain severity and interference. Genotype explained *8% (p < .05) and *9% (p < .05) of the variance in painrelated interference and pain severity, respectively.
Discussion
In the present study, we have identified several novel associations among candidate gene polymorphisms and symptom burden in a cohort of breast cancer patients undergoing treatment. Advances in diagnosis and treatment of breast cancer have significantly improved the life expectancy for patients. These lifesaving treatments, however, are associated with significant symptom burden that can have a negative impact on QOL. While prior findings have attempted to identify subgroups of patients with higher symptom burden, they have primarily defined these groups by demographic, psychosocial, and disease-and treatment-related factors (Miaskowski et al., 2006; Nagel, Schmidt, Strauss, & Katenkamp, 2001; Trask, 2004) . The present findings add to this growing body of literature focused on identifying the factors that contribute to symptom susceptibility and burden in women with breast cancer. In addition, these findings point out different patterns of association of genetic variants and commonly experienced cancer symptoms. Although there were no associations between NTRK1 and symptom burden, both NTRK2 and COMT genotypes were associated with specific symptoms. Interestingly, the genes we evaluated were independently associated with different symptoms, suggesting that specific variants may underlie an individual's symptom-susceptibility profile. Results of our test of linkage disequilibrium within the COMT SNPs (data not shown) in the present study suggested that these two SNPs are independently associated with pain and do not work together to increase risk further. We have previously proposed that multiple SNPs may act synergistically to influence multiple symptoms or to increase overall symptom burden, but the present findings suggest that genetic variation more likely contributes to individual symptom severity. Therefore, a panel of symptom-specific polymorphisms may serve as an important predictor of overall symptom burden and QOL in patients with early stage breast cancer.
Participants homozygous for the T allele at rs1212171 showed increased sleep disturbance and fatigue. This particular SNP occurs within the region of NTRK2 that regulates the expression of the TrkB receptor (Maussion et al., 2012) , and it is likely that this polymorphism has an impact on the quality of BDNF-TrkB signaling. This relationship is of critical importance; BDNF and its TrkB receptor are intimately involved in the regulation of sleep. For example, injection of BDNF into the cortex of rodents increases cortical slow-wave activity (SWA), an electrophysiological correlate of sleep (Faraguna, Vyazovskiy, Nelson, Tononi, & Cirelli, 2008; Watson, Henson, Dorsey, & Frank, 2015) . Moreover, sleep deprivation can increase BDNF mRNA expression and subsequent SWA, and in humans, an SNP that reduces BDNF release is associated with a decrease in Stage 4 nonrapid-eye-movement (NREM) sleep and lower NREM SWA (Watson et al., 2015) . Research has shown that the activation of TrkB by BDNF increases with exercise and is reduced in models of fatigue (Chao, 2003; Chen et al., 2008) . While the mechanism by which variation within NTRK2 affects symptom severity still remains to be fully elucidated, the present findings suggest that BDNF signaling holds potential as a novel therapeutic target for decreasing the negative impact of fatigue and improving patient symptom burden.
Pain is one of the most feared and prevalent symptoms among women with breast cancer, with 25-60% of women reporting persistent pain during the course of breast cancer survivorship (Andersen & Kehlet, 2011; Gartner et al., 2009) . Although the etiology of pain associated with breast cancer is not well-understood, several studies have identified individualand treatment-related risk factors, including younger age (Johannsen, Christensen, Zachariae, & Jensen, 2015; Mejdahl, Andersen, Gartner, Kroman, & Kehlet, 2013; Peukmann et al., 2009) , poor physical function, axillary node dissection (Johannsen et al., 2015; Peukmann et al., 2009) , postmenopausal endocrine treatment (Johannsen et al., 2015) , and radiotherapy (Peukmann et al., 2009) . Other studies have emphasized the psychosocial factors that predict pain after breast cancer treatment, including preoperative anxiety, depression, sleep disturbances (Miaskowski et al., 2012) , distress (Mejdahl et al., 2013) , and catastrophizing (Belfer et al., 2013) . Patients report postoperative pain to be quite troubling, and it is very often resistant to pharmacological management (Basen-Engquist, Hughes, Perkins, Shinn, & Taylor, 2008) . Identifying women with the highest genetic risk for developing persistent pain could inform postoperative pain expectations, analgesic need, and therapeutic interventions. Our findings suggest that two common SNPs within COMT, rs4818 and rs4680, are predictive of pain interference and/or severity during and after breast cancer surgery and chemotherapy. The presence of the minor A allele at rs4680 (Val158Met)-the genotype previously associated with a "worrier" phenotype of lower pain threshold, enhanced stress vulnerability, and lower COMT enzymatic activity-was associated with higher levels of pain interference but not with pain severity during breast cancer treatment (i.e., postsurgery and after initiation of chemotherapy). Interestingly, we did not observe this effect for persistent pain long after the cancer treatment regimen was completed. The association with interference but not severity could be related to the increased anxiety and enhanced stress vulnerability associated with the worrier genotype. Furthermore, the synonymous SNP rs4818, which does not result in a change in the amino acid sequence of the COMT enzyme, was significantly associated with pain interference and pain severity after treatment resolution. However, the presence of the G allele at this SNP, corresponding to higher enzymatic activity of COMT and reduced dopamine signaling in the prefrontal cortex, is associated with reduced cognitive performance (Diatchenko et al., 2005; Roussos, Giakoumaki, Pavlakis, & Bitsios, 2008) . In our cohort of breast cancer patients, the presence of the G allele corresponded to reduced pain severity and reduced pain-related interference. Findings have been mixed regarding the influence of this particular SNP on pain outcomes. For example, in a recent study, Candiotti et al. (2014) failed to find a relationship between rs4818 genotype and pain in postsurgical patients but did show a significant association between variation at rs4818 and postsurgical emesis. Taken together, research suggests that A/A homozygotes exhibit enhanced cognition and memory performance as well as increased pain severity and pain interference. Future studies should evaluate whether this relationship is coincidental or the result of a shift in cognitive processing/modulation of pain. The present findings add to the knowledge base of genetic factors that influence symptom burden in women undergoing breast cancer treatment and suggest the need for prospective studies to test these relationships and plausible preventative therapies to mitigate symptom burden in this population.
Readers should consider several limitations in their interpretation of the present findings. First, as the present study was an adjunctive analysis of an existing data set, the sample size was limited to participants from the parent study who met inclusion criteria. While whole-exome or whole-genome sequencing would have been ideal for the purposes of hypothesis generation, our sample is not large enough for this type of analysis. As a result, while we have identified statistically significant relationships, these associations are by no means exhaustive. Second, given the small sample size and the overwhelming majority of patients reporting Caucasian ancestry, we were not able to fully account for ancestry using genetic markers. In an effort to mitigate the effect of ancestry, we loaded reported race (along with age and BMI) into the regression first to account for variability in the outcome measures resulting from those factors. While not ideal, this approach allowed us to isolate the effect of genotype apart from race. We also selected SNPs that had minor-allele frequencies that were above 5% in both Caucasian and African/ African American populations when that information was available. Lastly, the present study does not explore the mechanism by which these polymorphisms convey susceptibility to symptoms, so follow-up studies using preclinical models (animal models, tissue culture, and stem cells) are essential to fully elucidate why genetic variation within these candidates alters symptom burden.
Conclusions
Data from this study suggest that common polymorphisms in NTRK2 and COMT, but not NTRK1, influence the severity of symptoms and symptom burden in patients undergoing treatment for breast cancer. Specifically, we found associations between specific SNP genotypes and higher anxiety (rs4860) at diagnosis and increased sleep disturbance, fatigue (rs1212171), and pain severity and interference (rs4680 and rs4818) during treatment. Despite our findings, it is possible that variation within NTRK1 may contribute to symptom burden to a lesser extent, and future studies should explore that possibility. Although the sample size was small, the results of the present study provide a basis for examining these relationships in larger samples and for beginning to test genotype-specific interventions among women at heightened risk of a more pronounced symptom burden.
As with other studies of genetic contributions to complex clinical outcomes, each gene or polymorphism may only explain a small amount of the variance in the behavior of interest, and many genes likely contribute. Previous studies have implicated other genetic polymorphisms in various aspects of symptom burden in women with breast cancer. For example, variation within the purinergic transporter P2RX7 gene is significantly associated with mood disturbance but not with pain or fatigue (Webber et al., 2014) . Alternatively, specific SNPs in five separate potassium-channel genes are associated with mild pain (KCNA1, KCND2, KCNJ3, KCNJ6, and KCNK9), while three SNPs and one haplotype across distinct potassium-channel-encoding genes (KCND2, KCNJ3, KCNJ6, and KCNK9) have been linked with severe breast pain after breast cancer surgery (Langford et al., 2015) .
Nurses and other health-care professionals play a significant role in providing symptom-management interventions for women with breast cancer. A more targeted approach to symptom management would help to ensure that these providers are able to deliver the most efficacious strategies to patients who are at highest risk. The findings of the present study and prior and future studies on the associations between specific genotypes and symptoms may be used to provide individualized symptom projections as well as guide development of genotype-specific symptom-management strategies (pharmacological, behavioral, etc.) for those most vulnerable. Future work in this area will provide insight into whether specific individualized interventions based on genotype can make a difference in reducing symptom burden and improving QOL for women with breast cancer.
